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(57) [gft] 

* - ji/fewaccaarr £ c 4 #r # -s fftifc x * s> * - 

u ^?n/cA^4-en«:^ii-r6ji^^n/cai^4© 
a^x^r^a-jutu-c^^ycciata-rs. w&sd^t 




1 

[ftM»5*©«MB] 

m^mi ) NAJl&VN&jJ (NK2£U:©IHS> 

a) ffS©xy^*-y>y«S*B8te-r-SA*«:ao 

b ) OTBBBteA**> 67«J>Fo fcT>#5£~C»>: 1 o© 
A#*31RU 

c) «RsnfcA*«:<ssi-r^t^ery h*s?«E-rn 
3»jaiR$ftfcA;fcK#LT, msb**©*-/ ax 

d) il^^n/cm^^MlfiW^^6^0, Hulfiil 
1 iai£© x A - i; > 

CW*3B3] NsMHR©Ji§£\ BJiB**©*/ axp 
^ V ttffiSBrateA*** &N*-fAXn*h y£ W**CCtfc 

u*si^^cjiiRsn-5^#A*^Kai-r&, c<t* 
#m <b -t 1 lBi£© x * - y > y ^„ 

i T St»*^ 3 IBt£©X 4r *✓ * - V > ^#& 0 
[W3JOH5 3 N#«»©«te, MIB*3fc©^AXO 
? HttHfliBS»&A*^€) (N + 1 ) ZJAZUy h/ct^ 

ftfEfc (N + 1 ) a*P* h©5^ 1 1 

Axa v h^jigs-ifs. ci*«a<t-rs«*^igB 

[«*S6 ] (N + 1 ) ffl©X*S?,*-y 

i ^axp-; hroffi«sr-r6 03Cc**€>pi«F«:jitf-r 
& c t znwLt -r >m 5 iat&©x y ^ * - y > 
s. 

Xh • b*&m~?Z>tc#>(DWm<D**'-$:mL> 

flBfesnrtefflsti, ff^©A*««riBU*»^ivii/ 

H0L^n^* + X h/S^ry H*, B9gB**©5r-f AXP 
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c t sibsoh i^i6 ©^-maHcsBU© 

X^a-yv^ffi. 

[»3#I8] NAa&^Nffl* <Ntt2«±©*») 
*A*ttMSENU*CC^*i^n»j£C3^Nfl© 

huIBNA^©^^«, 
10 *»tt^a«!:, 

©n^©**»6 1 o©m**jaiRLrsrffiA*«tt*a 

OTBT-^dr^s^Bift'rsr-fcf^^iSiBSSL'rW 
20 a) ff«©x^^*-y>yag€:§a>&r6A*©r- 

. b) BuIB^r-h'^^a^67^> Ka^>^tl 
c) ^$nfcr-t:^^acc*fj£-r5AAtttt#«^ 

30 d) mvizntcmt}*mzmtim^fr%mfth, mzm 
tR2 titer - 1- t tti^mm-r *> mnmtR 2 tifc 

mti t (Dm****; A - t L x iuiB8»*tt^S^» 
[»*19] NA^ROfNffi* (N«2«±©SH») 

mriBNA^©^^«, 
40 N«©»ffifl«JfiF^ffW ^ST^A^^ 

©»^©*^e> 1 o©ta*«raBRL/TOTaA*«ii»a 
50 giriBNtti^©^^«tti^^A-;^e>^o, 



a) a»ox^^*-y>yag*ja3cH*&^*r-t 
£>f axp ? F axp ^ h^^n-en^ 

b) 8WBH»6r-t^^^-5^>Fn^>*Si"CJl*l 

c) «R3nfcT-tT5r«:»jS-rSA**^*-^6 

ffl*3i*36**n«. ^^itR^n/cr-t'^tCcfco. sir 

SB**©* axp F«c*jWSfUffloT»ftU*<l>»^ 10 

d) awsn:ituj**BnBUi*m^6»WL. ifuiaii 
jr s nfc r - b- # t ncc mm-r z> m esjiiR $ n /eta;*? 

i ©&£ X * V * - ;b £ L T hu IB«3»> * »J u , 
MBX^i^-MC^oTA^^-JUDA^ „ F£ 

wis* p ^^^Mor^^ti/cm^^m 

[ M^9 10] N AMO'N m^f ( N tt 2 K±©SE 

mmmtm%vm *>6&*^> f 20 

WIB^n F=JJKDA*«^r©Affl*+ 
*-©tfc«T*9, WIB^p F3;uoHJ*ttx^r^ a - 

a) i==(S«-k-i)modN8c»«;-r^A* J £SJRU. 

b) fcOA*JWtef*itf#itU ^hH»T*ftji7 
^> FP £*>©■?> 9 #T>i = (i + 1) mod N6C<t«3»S 

<*ft*;fc©A*&a!Ru 

c) m^c={ (i, i) ltH*.iCC»jCr^A* i «c*ji>T 30 
*J>fc < £ t> 1 A©'** * F J&Sfffi-r * }©«RT?ife£« 

( i , j ) #?KE-r mtt&mtRo. 

d) x-r ?:/c) CCte^TitaiBM ( i , j ) ##GEL 

0, 

f> Buia^(i, j ) ^m^^ri>^-Mcmxx^ 

?^6ftSCi*e*4«^-fAXP9 h©» 40 
[»*Jgl 1] ^UXd y FtC^s^T, N<@©#i 

f f *T £ X A - V > if* ft CC is l» T , 

a) 7-?>FatyMr k A tr >tf <Dtc&> 
©AACcWUrWEOsfeRflO^^A^P v F^JJBBJffc 

ecu, 

b) A^J i $t<£oT, **©k#e©4f A*P ? F 
K»-r*ttl**afRU 

c) 3tc5fca>k#S07-Y A^Py hcc^rr^^^t>a 50 
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d) #C©A# ( i + 1 ) modN^U fyiBk# 

@©£-f AXP v \-<omc>*#? n&asccarcss 
»ooffl**«rsKX©A*^ji6m"r5, 

[W3R3H1 2] A^J i#k#g©£>fAXP-; Ftt*t 
■TSX^5P*-Jl/€rSTO«C3^-?fc3te6tf, H«J*atR 
U K»r$nfcffl*«^3c©A*^ilWiL/. mtZXJi 

1 3 ] ffl*©ig»f«4*ar©A*3^6«to 

<h r £fit*l 1 2 gE*«0#ffi. 
CS»*31 1 4 ] A**HSH»ffl©*&£©^ -f > • 
7-)>h*Pt'>- ^U-T^ • »J>4^&CC 

e) k(i, h) >0ttA* i a*h#B©*>f AXP 
y b tcte\,>xmu~? &&?)<D5 <4 axp ■> F£^nU i 
h =0ER-N-h)modNJJh#B©^^ A^Py Ft^Sr 
L< x*^*-y>y&tti;a&*A#*^U k (i. 
h) =0«h#B<Z)f -TAXDy FTOA^iOfftffi^ 
WiWSn-SCi^Ktt-rSfcOiLr, k(0,l) = kCi, 
1) = ... = k(N-i,i)=0, 5ett=N+l{C*ZJW^kL. 

f ) Oh + n = {0,1,— , N-l} % O^i^N-lSLO'i^i 
h iLt, k < i h . h) - h+N RC^k ( i , h) = 

k ( ( i -1) modN, h - 1 ) iiftSU, 
fir ) 0^ i ^ n- xr * £ A*iT^*- > F ^iHM-r 

j £3g^O kC i.h ,^6^^>FPtr>^ril^ 
b (fc/cOkCi,h)^or*^) % i*O k( ,. h ,^e>^ 

h) -o^i^N-ir*SA*irjajR3tifcffl* j 
«:aa«o. *fjES-rs$ftAa*+*-3&»e>'5-r>5fcss© 

roiy^sr F*iMffl©iSMaAfflA**-^*»U, 
i ) 0^i^N-lt?i^ Ci b -2)modNr$>^A^7i'C, ^ 
©A^(i + 1) mod N^^a ( i.h ,^^0, 
j) 0^i^H-r€$>^>m^Xtfit. A*i©>*i;P 
^r-'>3> ChmodCN+30)3&>6R*i&*ti^:r KUXO 
Ui*<!:©Iffl«:^P^^<-3*^3y3>4HiS0, 
k) 0^i^N-l-C^>^&A^li^C^C^"C, X^r^^- 

Xfy^^^^^P^^thf^^-rA^P 
CS8*B 1 5 ] A*3^«»ffl©«^©^V > • 

m) k(i. h)>0«A^i* s hf@©^-{AXP 
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h =C^^[-N-h)modNtih#gCD^^AXD- J ; h t?9r 

0<**^:*-y>y£ttt;tf>&A#*^U k (i. 
h) =0tth#@<D*-(A*O? hr<OA*1©ftfW 
»M3tiSCi*Si»-rSfc©iOr, k(0,i) = k(i, 
l) = ... = k(N-i,i)=a SfcSUN+i&tSjRMtU 
n) Ob + n + i = {o,i,"*,n-i} , o^i^N-rC& 
£ i -CH^ { i h , (i h +l)modN) Offt^c 
l^ir, k (i h , h) = h + N+ L k (mo 
d(i h +l)modN. h) = k < i h . h -2). 
&c>*k(i. h)= k ( ( i -l) mo dN. h - 1 )«c 

0) 0^ i £N-iT*£A#iCCbl»T^* h£j£fi 

■r-<*m*j*ai^o ktl . h ^e.^vppt^;^ 

"CiltRU (fcftiU k(i f h):*o-C&*) . i£O kC1 . b , 

p) o^i^N-ir^>^A^iCc*5i^r, iSJRSnfcHi 
j <DT KU*£3*^ a >^*y©^*yffiHk(i, 
h)mod (N+ 1 ) tciEttU ttfcfZ&WA&jJ* ^ - 

q) O^i^N-lTi^Oh -2)modNrr^>^>A^?iCC*5li 
~C (i h -2)mocW©A** s **O fc ccih -u.odN.h ,£ 

1) mod Sl^aci.h ,£|£3IU 

r) O^i^N-ir^eA^Jii, A#i©-**: f J GBB 

s) 0^i^N-xr&£#A£MK:^>t>T, X^^a- 
^ h«S7 Steffi. 

u) o^i^N-ir&&A;ft-Kt4c5(^~£\ lecc.h > 

v) O tC i.b )HBMi #ffi*^r*fttf:x.Mr-t>X h 

**-£&JIU **i£tfr©t&£tt. StRS*ifctH*£ 
w) BMt #£-C**Ui, Hav^+t^ h'>*^ h 
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[Sft3j8fil 7 ] h^^->;>^7 
^>FPt?> * W-fj • X-5r^-y>^- r;bnf 

X) 0^i^N-XC&&A#iK::te^T\ .iGOi ( ,.b > 
10 U 

y) Ofcc.h j n BMi #^£--C£>*a t^F 

z) BMi *S^-C*tlt* 4 H0LV;U^^ *X ^ F 

CS»«3B 1 8 ] Xr-^ i #A* I CCRIifiU mflBX 

20 ^A-y>^u srta**©^>f a^pv hu±x<D 

A^tC>Pti^-r^^TCD^*'<^^^>^T--> ; tJ, 2-oO 
A*#JnJB$&C|5]— AXP * F£«RL&1> 

J:^cc. fflB*fc*^*-y>^S:|gfrU Uttxo? 
Ftt^>Fae>#«ec*^i>T»!Ri**i. B«J#& 

^>*^-2/#A*tc<fcoT*£#-(A;*n* h~c& 

[o o o n 

- y v^&iei-rsfci&cosaftvx^AKiwr^. 

40 [0 00 2] 

t'l' 5 -<>5r (M. Beshai and E. Miinter) tc<fc 

^> "Milti-tera-bit/s switchbased on burst transfe 
r and independent shared buffers," ICC' 95, pp.17 
24-1730, V-^>r^^>^ (N. McKeown et al) CCJ:5 
"The tiny tera: a packet switch core," IEEE Wicr 
o, vol.171, 3an.-Feb. 1997, pp. 26-33. SOV>. V 
50 7X, y&&*BLU=L^W (W. D. Zhonq, Y. Shimazu, 
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M.Tsukuda, and K. Yukimatsu) CCcfcS "A modular T 
bit/s TDM-ttCM photonic ATM switch using optical bu 
ffers," IEICE Transactions on Conmuni cations, vo 
l.E77-B,no.2, Feb. 1994, pp. 190-196 &&M$tltc 

[0 00 3] *^{ClWffl3*l*36X-f y*>#ziT 
74 y?©RiiOtB*Wt*4. l0Gbps<DW>i£ 

sa»6-c&*. io 
[0004] 3 <b ~> rsK&ras© 1 c <o 

[0 00 5] CflOJl^&a^y^rCC^iSn-SaS 
ft*W^.S/c«>{C. /^T^hWfflStll). CO 20 

aottj«*3ns. its ? try bx4??M. 

'>^^c>^+v*> (Zhonq, Y. Shimaz 
u, M.Tsukuda, and K. Yukimatsu) &C<£-S "A modular 
Tbit/s TDM- WDM photonic ATM switch using optical 
buffers," IEICE Transactions on Communications, v 
ol. E77-B, no. 2, Feb. 1994, pp.l90-lS6"Cji^£ tlX 

30 

[0 00 6 ] AA^^T^ffiC^X-fym-si^ 

ft%tf&l <*:*-) KfcttSSfcKZXr^* h£i£frf£ 
S*«rffl-r. fcb2&±©A##l^-©U*tf~ h£K 

(D^ffitt, (M. 3. Karol, M.C. Hiuchy.i, and 

S.P. Morgan) "Input vs. output queuing on a spac 
e-di vision packet switch," IEEE Transactions on C 
ontnuni cations, vol. GDM-35, no. 12, Dec. 1987, pp. 40 
1347-1356^ ^tlffe 9 , COAJjrtyJ r V > #T 
Jl/=P;XA(CJ:->T, fcj— YvV a v ?tRUVQ.587<D 

[0 00 7 ] < 5* a - 'J > y&K:te(,> 

T*S. HOL (Head Of Line: 7 ><£>5fcsl) ^ ? hfcj 

-v&UZi-ftCR. Fan, M. Akiyama, and Y. Tanaka)tt 
<fc-2> "An input buffer-typeATM switching using sch 
edule comparison," Electronics and Conmuni cations 50 
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in Japan: Part I, vol.74, no. 11, 1991, pp. 17-25; 
thfv, ^-W7DXh (S. Motoyama, D.W. P 
etr, and V.S. Frost)CC<fc& " Input-queuedswi ten ba 
sed on a scheduling algorithm," Electronics Lette 
rs, vol.31, no. 14, July 1995, pp. 1127-1128 ; t^"7 
(H. 0bara)CCj:£> "Optimum architecture for input 
queuing ATM switches," Electronics Letters, vol.2 
7, no. 7, March 1991, pp.555-557£#RB3*lfcl*. 

[0 00 8] «fc9»0<Wjttf. §fmn-; hCC*5 

a* <t-©ffl* s c r «5E-r * c t 6 * 

McKeown et al . "Scheduling cells in an input-que 
ued switch," Electronic Letters, vol.29, no. 25, D 
ec. 1993, pp.2174-2175£r#flg£*'lfcl\ > 

[0 0 10] ^/c TJU=f«;XAK:i:orA*ra©J:») 
fiC>BSS**5SUri^-5«<!:L'CB. D. Guo , Y. Yemi 
ni, Z. Zhang, "Scalable high-speed protocols for 
VCMoptical star networks," IEEE INFOCCMf 94. 

[ooi n i^A7*-7>^^t7>^ 

tC^o CJltCOt^Tte:, R. Chipalkatti, Z. Xhang, 
and A. A. Acampora, "Protocols for optical star-c 
oupler network using WDM: performance and complexi 
ty study," IEEE Journal on Selected Areas in Comm 
unications, vol.11, no. 4, May 1993, pp. 579-589, R 
Quo, Y. Yemini.Z. Zhang, "Scalable hi gh-spee 
d protocols for WDM optical star networks," IEEE 
INFOCCM* 94£#M3ftfcl>o 

[0012] C©t£*©RGSffi-Ctt. AAS^tiK:* 
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[0013] 

*>^. AttLtM^^r y>^£:JBc»£fc©rtt, fllflt© 

**«*rscc#r>rw-»*3&«u<iS*o, i*-yax io 
^AJcteCiTAW^rax^^^-^WilCcMLSE-rsc 

[0015] *^<Dflfe©aWtt, 328i*l©rt»3SK* 

^-rvr-^fi'ft^T^^fA^-r 20 

[0016] 

»J>y*ft«. NA^SO'NtH^ (N«2^±CDlHft) 
£WU ^A^«MiaNffi^tc^n^ti^fc;L/cN{@<D 

CCte^T. a) El©X^^^-'J>»l^t6 
A*KC*fOT. ^»A^^W^6n^0^ 
^a*p 9 h^**0$^AXD y h^ftSi, b) 

ffliara*&A*a>6 ^ ^>fp tr>^ri®^ l o(da# 30 

*SIRU c) jStR3tift:A*«:Rjil^#^-y h# 

yawta^ -r ^ -f >&Jitc j; o Jiff 

[0017] N*i«»OJ8^CCtt, B<rt£fc3fcO£-f A* 40 
p ^ h tt«rSBH*&A*3^ 6N^UXD^ /ct^^Cc 

[0018] N*««»<t)ii^ectt. mrge^^o^^Ax 

a? M*OT2&«&A**»6 (N + 1 ) MAXP-> h/c 
6^0fcffl»»^^«:JSR$ti-S^#A^I£aS"r 

SttfP* (N+ 1 ) 5 lB/cW 1 * 

[0019] #&9iecj:£*-f A*o* h«3£*ffi«, 50 
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NA^RCXNffl* <Ntt2«Jb©«a») £WU #A^J 
tt»iBNHJ*tc^ti^ti^j£0fcNffl©»afl^^f5»J 

>f ^{cfc^^-/AXP-> h»5e*ffi-c*or, aria 

:/n hnju©A*»±r©AU*+*-©«jB-C*0. 

a) i =(ffi»-k-i)modNCcSfta;-rsA**3BRU. 

b) ^UA^Wn^Mt, 

h*D fcfXD^O^-Ci = (i + l) mod NKl^O^ 
S4i*;fc©A#**RU 

c) m&c = {(i ? D ia*.i«c»js-rsA* itc*j 

d) x^y^c) ecfcurBulBffl ( i. j ) ^Mb 
fcwtttf, A^ii^6i^urxf ^b) «:k 
0, 

e) A**^6i«r, ffl*S^a» 6 1***1^1$* 
U 

f ) KTiBifii ( i , j ) ZmMXtri? *~)l>tClX\Z-X X 
t-j Vh ) 

[0 02 0] *^CC<fc^X4r^*-y>^ffi 

~;u#**<DN*-f a*p * narisiwsiffrsx^^ 

a) 7^>Fnt^>Mr, X^^-U >#<Dtctb 
©A*CC»0T«^©5tefeO^^AXa^ hfcfUflipJtt 
&CU 

b) A^7 i CCJr^T, **©k#|CD5f^AXPy h 

d) ^<J>7<h ( i + 1 ) mo dNfcftSEU miiak# 

axp y h©lfflCc^ v h£gfifc:3:fI"C#£ 

3ao©ffl**arse*©A*^i3iw-rs, 

[0 02 1] *^tcJ:-SA*3& J ««rtBO»^cD^'-^^ , 

e) k(i. hj^ttAAi^hflO^^AXO 
y h«Cfcl>rBS*Sa#<Z>£-f A*D* h*jj*U i 
h = (SR-N- h)rrodNteh#@<D£^ A^p y b~C9r 
0<**^*-y>y*tt&«6*A*£7nU k (i. 
h) = 0tth#B©5f^ A^n y hrcoAAiOBllW 
a*03*a&Ci*.^ift-r&fe©iOr % k(o,l) = k(i, 
l) = ... = k(N-i ( i)=0, -JSR^N+iCcfflJHfbC 

f ) Oh + n = {0,1.-. N-l} . O^i^N-lRO'i^i 
h iL/t, k ( i h , h) = h+N ^C^k { i , h) = 
k ( ( i -l) modN. h - 1 ) treeu 
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u 

h) o^i^N-ir^^A^i-ciSIR^ti/cai^ j©r 

F U X £ 3 * £ 3 > y * »J © M ^ 'J {&g k ( i , h ) modN 

casta u Kfc-rz^mxmti* =.-&t>u y%m<D 

i) O^i^N-lTi^Cih -2)modNr£>& A^hT?, & 
OA^Ci + 1) mod N^SI^ao.h 

j) o^i^N-ir£>&mriBA;^-i£ 4 A#i£>^^ ! Ja 

^->3> Chmod(N+l))^6^3A^nfcT FU^CD 
k) 0^i^N-l-C^^^A^?itC^t^r 4 X^^jl- 

* h*K7 3-esc 

[ 0 0 2 2 ] *#feipjK: <fc & \j]&m$k®<Dm&<D 

m) k ( i , h) >0«A^J i #h#S£>£^ AXU 
y htC^T^&T&fc^SUAXP^ F£^U i 
h = (^&-N-h)modN«h#gCD£YAXU>;/ FTgr 
0< X^^~U>y£teC^&A^£^U k (i, 
h) = 0(ih#@<DWAXP v h-C<DAt)i<Dmt& 
nm^tlZ>C^^M~r^>h<DtLX, k(0,l) = k(l, 

l) = ... = kCN-i,i)=0. w&^+iicvmito, 

n) Oh + n + i = {0,1, -,N-l} . 0^i^N-rC#> 
& i (ih. (ih+DmodN) (D^r^c 

C^lt, k < i h , h) = h+N + 1, k(mo 
d(i h +l)modN. h)= k(i h . h-2X 
&C>*k ( i , h) = k ( ( i - l) mo dN. h - 1 )ic 

0) 0^ i ^H-TVab&KjjMtCte^X^tr v F^rilfi 

p) o^i^N-ir-^^A^iicfci^r, iitRSti/cBi 
j or Fux^3^^->3>^^eycr»^r , ;{4gk(i, 
h)mod (n+ i ) octets u ttfc-tz&mAmj]**- 

— *8»3-ti\ 

q) 0£i£N-XCi*(i h -2)modN-C&£ A^JiiC&C* 
t, (ih -2)modNCDA^^^O k£Mh .„ BCillih 
l*^AXO? F#/cttiI**;*t!-;rd&. 'XCDXJlO + 

1) mod H^a t ..h ,£$ta£U 

r) O^i^N-lT^-SA^ii, A^i<D^»J<ftg 
(hmodCN+l))^6^i^$n/cT F UXCDtti^iCD^iC 
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s) 0^i^N-ir&£&A2JiK:o(,>T. XfZ?*.- 

;b?ti/ci*ftAm^+^--^9l^^^ F^x-r?^ 

[0 02 3] UK, 7iWtXh^^a-'J>^ 
Fnt'> • y»;—rw * x^^^- »;>^ * tjw 
rf'jXAJC^jAtnrfeO, -7Jl/^+^X F;^? F 

io ^x-cfcO fc^tott^SISti, h#@<D£-f axp * F 

u) o£i£N-ic*£A2jiCc*$(,»T* jeom.h , 

O BMj *SI/c-r^T©ffl/).i*ajRL/» HOL^JU^^X 
F£k#g<D£^ AXP 9 F-CiltRi*n/cfc^ 

v) O kM .h j n BMj ^l^n^^+tXF 

*Rs*ifctttt>* 

w) BMi 3&Jffl"C*tl«, HOL^JV^^-fX h 

20 + x h + *-3^6B«*rS, 

[0 024] *»«K:J:SNXf-: P • r*-f:7-7-f>-> 
^fAtt, Xf-i/ i 3&«A* I CC^ilU, I8fg2Xf'-^ 

i?£MLXM'X-rtl-C'rt< NxNX^ v*&Xlrt;~- 

*-?t, A^tc^fo-rs^rcD^v^^^^x^-^ 

tt, 2 ocoA^J^(a]B#{c(^ — CD?^^(D ^AXa-; F£r 
30 iilRU^Ct^^CC, [Hj^tCX^r^^.- ';>^Htfb, 
U*xov htt^^> Kotf>*SCcS-^l»rjllR3 

ai^^*>^x^-^cc^oii^^n^<b#, ^stb 
^w^^-r>x^-^A^cccfc^"c*^^^A 

[0 0 2 5] **W«Cj:na NA*^67»)> FDt' 
>^rJ®^ 1 oOA^J^il^U, *<DmtR2txtcAtt 
lcttLX5&5&<D2 4 AXn 5P F«:*5^^^JfflpJ^^ai^ 

[0026] 

50 6^*3. N^A^^^^^sd-rs^^^ nw^r 



13 

NHO»ffi+*-ttRRGSTil'=fy XACC<fcOWa3 
ttT. R RG S ^ir^a - »J >^«coutflP««c 

[0 0 2 7 ] 7-)>FPK>^y-f^ - X^^jl- 

y >y (rrgs) 

RRGS7'Ph3;KDA^(t £T©AU***-©tK 
i (i€ {0,i,-,N-l) ) <tiBT<t, COi^^tA 

CO 02 8 ] C = { (i, i) im*i6C»j£-rSA*i 

tc*5c»r^&< ifeifflo^^ hsWffifiE-rs}. 

[0 02 9 ] RRGS^P h=3Jl/©ffl*tt. NfflOA* 
&Nmo\bllKftfc^WhA#V~-)W1bZ>. C©<£ 
5 & x * s> :* - JMDSS^stt*© J: 5 k:a-T c i #s~c # 

[0 0 3 0] S = { (i f i) |A* 

[o 03 i ] sitscct^rBW6*>r*s^ 

£i*fi r# , l ootti^ti l mow v V ©#£Sfrc 
c©*frTr. ffiStokSBod^Axn ? h© 
X$rS<?*-;U«\ ^%<D7,tvV 1 ) — 4) 6C<fc-3-CSH£ 

[0 03 2 ]Xf^i) £A#©*£*I,,= {0,v, 

N-i} , ±mt}om&&o k = {o f i f -,N-i> <t-r& 0 i 

=CE»-k-l)inocN©tt»*CC<fcor, BP*> 0©R-k 
- 1 ) ^NtilO/ci^iLtA^I i ^I^^o X 

^^^-ji/^rate-r-sA^^coji^KiajR-rsci-c 

[0033] 7f-^2) fcoi h #£-c**ur, f?±-r 
ggr&wn«. Fntr>©*>o#ri = a + 

1) mod N£%&#C©AAi&a!R'r&. 
jfc6ffl*l£^>FPtr>©^g;rcj^-r*. 4>0 

[0035] ^t^4) i»*^A*i*. 

[0 03 6 ] iga^o haw, W6^«c±aufc8£* 
©Res&©3t&r£>£ 0 ±j^L/cJ: j 5>«:, fi£*coRGsttr 
tt. A*a^*n«c»j£-rs^^^>yufctti*©w*' 

P? hCC^T, Nffl©'^* F 3PNlI©AAfr5NlII© 
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[0 03 7 ] CtxCC^tOT, RRSGW 

tifcf axp ? ho^^riP*- y >^n^«Nffl 

^©*fittHKfcl»T* 10(DA»»^A7Pi;h 
t6 B 5 (i4#M) , lo©(4««, A 

^Hii'Ji'XXh «£fflU RRT-tr^tCfc 

10 c^r^*>> FPtr^scraAjaiRj&m^ *ltrr 
T-fcr**>e>A*e^*-^ i m^k^jes (ttfijSlR 

MS««^^>Fatr> (rr) JBffi*. t^t<DA 

*fc»or»i,i»T*Hz*£0^**<fc5te*^A*p 

[0 03 8 ] £HBHIA;ft©^ ^ ^ V RRGS 

-r^i4ons) p^r^T^if 5c£»tti*&^. 

[0 03 9 ] CCDWIS^KRtSfcft, 

tc. **©nH©£-/ axp v htcbfcot, n(I©^& 

;i/©»ffi*a«lffl©A*/cWCCR|3i-r-5. ^otft&ti 
ffi£©*-f axp ? Fccfec>r. f&©jS£fc©A;*? 

-;u©fttB£»T -r 6 c £ «t ft & . 

30 [0 04 0 ] ^H: $>h$&&DZ<( AXP v Vl k <D7s 

-r-iTOA^c^e.n/ci^, ^c^ 0 

[0 04 1 ] *5^^^*-^©NllOffitB*3S7rS 

[0 04 2 ] SC»»itltf. RRGStCfcl^TtJ, 
**<D*-fAXn* h^rcDA^)Cc^-r^^^>Ko 

SA*i tt7^>KPtr>*jKrffl*«:jaiRL. (i + 
1) mod Nr*S^<DA*i«C»Lr, ^^Ek#gCD^>r 

so *^r*^a«raita-rs. 
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[0 04 3 ] mod N*n6k&g©£^A 

§*©AAi = (i + 1) mod rr^MHJ-f kgg©*^ 

•fstifc*^att3c©A* a + 1) mod N^aaH3*i& 

*SWBK6ft3^ofcA*Ci + l) mod Ntt % 'X<DZ 4 A 10 
hTfrfc &**©*-/ AXP y b©/c#>©£rGt> 

[0 044] RRGS©±fEXf-;> 7* ( 1 ) tt. Nf@©£ A 

AXP^F ©J8figtc 1 a. A^^w^m^a 0 * 

[0 045] Sll A*»Ntf«8tt\ CS«- k)modN© 

(S»-k)modN©A*«J«@©^>f 20 
axp* h©x4r^.*-n'*5G73-i*&. 
[0046] (SEW) 1 «;*©c 4 

CD AXP y hCc*si»r. NflT^rtDA^Oi, 

**©*&*-/ axo? hT©i£fi£x*t?*-y>y 
© £*^AXa? hccfci^ A#tt**©l 

AXP-; h r©j3Sfi£ X 4r S** - U > ^"T £ C ' 

(3» &*^AXP* h(tfet>T. &£ttWjttlfl©A;& 30 
©AjfcfcaHKrSWtttt & <fc 5 *cx$ri>* n ^ 

[0 047] C^&-k)modN©A# i £k -i#a©#-f 
h«cteC*r«^aJ&i3SfflO«cC>A*iiS5E-r-5 

4, -en^BUCDN -liI©A#©«*ttfc§g©*>f AX 

p? ho^ft^si^cc^a^iHottwntftte 

ftt,> 0 (k -i -1) #@©*-(AXa? hccij 

( i + j ) modNCDA^tiil^Ob $r^A^^l 
ffiO^, < i - j ) modN©A*ttfcSB©*-f 

A^Ov h©/^©^*^^. CW^cC^^^a- 40 

i^.i^CN-i) (Off*© j tt-3(,>T s 
V(i^i^CN-i)) i - j ^ i + jmodN <=> 
V(l^.i^CN-l)) 2j * OmodN <=> 

[004 8]t^-?r, *l©dfYA^ay KDX^-i/ 
a-^k -NiiO^^AXD'; h~C© ( i + 1 ) mod 
NtDA^KctorraWStifcil^Citt, k -N -l# 
lO^A^a-; h-C©A^i*^^a- „£&tH0fc*» 

ofcC 4 50 
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<iEM») . 

[0049]§2«, ^$A*^5x5^D^-x 
£^-f£^ hr£>£„ H2rtt. 5^©A 

^io-ui, *n 6 A*#m*#-h 

[0 05 0] ^2CC*5C^T, W^UXa-; hT 

A^M^-Taxp* hT 10 riH^tf ^/ca?>©m 

^AXO'; hT 9 Ctfctt&X^:x- y>^fotli 
& e ^©^^A^D^hT.ttt, Kftl&ZAl* 

TPI«T;fe*. 0*«c#Bg##2 o l tM^$n/ctc^ 
WK». *©mr©A*"CX^r^*-y>^36TL/ t *>C 
©A#"C*rOC»X^*- V>y«r^Ci^l 

tc^„ wii-r*^ axp v hcc*jc»THi**atR-r 

-S««©A*r*-5»^6CB, S»A*W*©A*^« 
^O£2£Hi0fcC>. C©*ft»N = 5#-/AXP ^ b@ 

[005 1 ]*»IC, hfSO^UXD v b <W*tf 
W^UXU^ h) K*JW£RRGS©»f¥*RIHT 

Q,ttk#S©*-f axp* h©fUfflpJfiB3Ccm*©* 
££*rr. k(i, h) >0«, A* i **h#@©*-f 
AXPy hK:teC>TWiS^£ttWJ©£-<AXP* h£in 
U ih =OE»-N-h)mocwSih#S©*^A^D^ 

hr#rb< X^i^-y>^£&iD&£A;^£^T 0 * 
fc, k ( i , h) = Ott, h#l©^-fAX07 h~C© 
A^iOftft^WMStiSCi^Stt-rS. X^r>^- 
^ttiaWttttW^fc^iiWC, fiJWBBrattN5r^AXP 
W^M©3f-(Axa v bTxTteS&i 
{^-rS<h, fflJUMbttkCO,!) = k(l,l) = k(N-l, 

d=o, sK^+iitfts-r-sciccjiijratestis. 
0, *n^«M*3ft*^S*n©N*^AXP * Hi 
-r^r©A*©tt(W»WJStis. ^?ni, 

A##- btcfeC»T % MW«C$M*Ufc*.*-- (AttJ^J 
tC, HOL (Head Of Line: ^-r>5fe9l) ^Ov+>^ 

[ o o 5 2 ] b i tc^-r^xr- AKBP-OrttlB-rtltf . 

^©.fc^CC^ffC**. 

[0053] 1) 0h + N= {0,1,— ,N-l} , O^i^N 
-l&O'i^ih 4 Or, k ( i h . h) = h + uR 

k ( i . h) = k ( ( i - 1) modH h - 1 ). 
[0 05 4] 2) 0^i^N-l-C*^A^i«, ^^--^ 

vmtR-t fc/cU. k(i,h)^or^>5 0 ^fc, O^i^ 
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u-mmm* vfo&x?) i «5fc?rr£W axp^ b 

CC*5<,»T(i-i) mod NtDA^^^ati.h ,^fto 
T(,>& 0 31!R3ti/cHi*.iW. SfiU«&O IMl h ,*» 

[o 0 5 5 ] a ltc^-r^^^ACcijiir, Nffl©r- 

tr^r (0, 1 , N - 1 ) di-fAXD^ h 

SIRSti^ffi*^h«»^O kM .h ,^6^3 10 

[0 05 6 ] 3) o£i£N-ir**A*iK. »tRS 
ft/cfcltt j ©7 KU^^n^^->3>y^'jCD^^rll{i 
gk(i,h)roodNKIBtrr& e »j£T£»IAatt>**-- 
teh 4 >5tfiI©H0LM-y „ h#Mffl©affiAUl;&* * 

[0 05 7 ] 4) O^i^N-lti^Cih -2)modN-C#> 
*A*i (317- 1:*) tt. ^OA^Ci + 1) mod N <« 
MT&7-^£) ^ai^act.i. >£«Ei3iT&. CCt 20 

[0 05 8 ] 5 ) JRC»r, dua^-x-f ^101 
tt. 0^i^N-iT*-5A*ii. AAiO^t'JP^-^ 
3> (hmodCN+D)A»6R*ii*tifc7 KUX©ffl*ji< 

[0 05 9] 6) o£i£N-rc*£«A#iK:oi> 
t, ^^^*-»;>^3n/cjlHIAHi***-©3feaS 
(HOD h«r^-f 5r^37CcWSE$tifc3*^ 

[0 06 0] W»flA/KP'W >RRGS 
Jba*0fc<fc5tt:, A*dW »***»«©»*, &A^ 

h©**^*-»j>^«e7-r*. LfrOK&h. co 

i, l><o*»0A*ttffl»O**0^>(A^a? Mc3t 
[0 06 1] ±&l,fc3CTi©iEWrt»6* WfflW**^ 

tt. £A*ttN(i©**f axp? hr-n/c^si^a £ 
^©^axp* vfrtbmtxtcm&o* zmrnvzo a 

«e-»-c. S»A* i «k»S©*-r axp so 
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[006 2] mW2 A*»WW»»r , 0£&" k)modN 

iKiS-th k -lflfgCDjr-fAXP? htCfe^TCj&f 
(^&-k)modN©A^)«k§@©*<YAXP ? 

[0 06 3 ] (HM) 0£»-k)raodN(OAA i3Wk -2» 
@©*^axp* hfc;fol*£SI£Oh fcilJEStf* k- 
i#a©*-f a*p? hte*5i>T3liil£O ll ©ft*>9Ccii 

jEStlfcSI^Q. SrRjirr &&©<!: lETTS. C©i§ 

(k -1 -j) #§©£>( AXP v hCC*JC»T, (i 
+ .i-l)modN©A^JJi^l^O m £3I$££-fc*\ (i + .i)modN 

(k -1 #@©£-f AXP v hCCte^T. (i-.i)m 

odN©A*«k»a©^^A^p v h^ftu m^a* 

Kt^ a tctcL. Ntm%TC. 0^.i^N/2-U 
LtcmS. i - j * i + jmod N&CJ* i - j * i + i 

- 1 modNW. 

[0 064] (i-N/2)modN(DAm k#@ 
©£>f AXP-y h££©A**>^ttL&lr»J:5K:* (k 

- 1 -N/2) #@©£^ AXP ^ hCCtel^-cai^On 
fctfrffrTS. (k-2 - N/2 ) #iO$^A^P7 b 
CC*jt>-C, (i - N/2) modN^fi. k#@© 
^^0?h*fftt4. N/2 + 2^i^N<tLT 
(k - 1 - N/2) fBOdr^AXPv htCfcC^r, 
(i-j + 1) mo dN©A2J«k#@©£>TA;*P v 

T\ i - j + 1 * i + 1m o d NM i - j + 1 * 1 + 
,1- 1 m o d Nt*5. 

[006 5] k&@©£>f AXP ir h©X^ 

A* i CC*HS-r-5^-1f i CCJ:^r»7 

-T-So C(DX^t?a-JW (k-N- 1 ) #@(D^U^ 
p? br < i + 1 ) modN©a-if (A*) CCi;oT 
rate3*ifc£t»5C±tt. S«A*3W (k-N- 2) #g 

<iEW») . 

[0 06 6] BI3tt. iWRA*»©4X4^PX^-^ 
A y^ffi^fcil&ORRGS^* - <J >y©— fl 

^■r$^s>^t-hr*4. H3-c». 4o©a 

Alo-hi, ^n6A*3&sffl*#-h*JSIR-rs^ 
<fAj*p? FT, t T 2 "^©MW^Sti-CC*^. 
[006 7 ] H+©*1*«»3 0 1 t<Om<DXt}V 

-'^y^tSCi^O, »jB93 0 2«2«HilpW 

[0 0 6 8 ] ±i$L>/cJ;5Cc 4 hiS^Uxn^ 



(11) 

IS 

JXDM'S&Tri?. k <i. h) >Ote. A^ii**h#@ 
h£^U 1 h =(MWL-H- 1 - h)modNlih#g<D£ 

j aau v h^8?o< x*^-!/>y«s*M-£A* 

*fc, k (i. h) =OSi, h#g(D^>fAX 
hr<3E>A*i©»ffi*J«IWStiSCi«:Si!*-rS. 

rteSSSiiRS-rs-t, TOt«k(0 ( i)= k(i,i) = ... 
= k(N-l,l)=0, C£tc£*)m& 10 

[0 06 9] a ltc^-r^^ccipurtt^-rntf. 

[0070] 1) 0h + N+ i= {0,1,- ,N-l} v 0^ 
i£N-rC*£ i (in , ( i b + 1 ) mo d 

N} ©SSRTfc^&OT. 

k (ih.h) = h + M + 1 % k (mod (i h 
+ 1) modN, h)=k(i h . h - 2). Mk 
(i. h)= k((i-i) modN, h - 1 ). 20 
[0 07 1 ] 2) 0^ i £N-rC*£A2Htt, >*>rv 

ril^-r^o /c/cl, k(i ( h)*or#>& 0 0^ i 

^N-i&O'i * i h r&£A^ i W3teffr**-f A*n 
* hCCfel»TCi - 1 ) mod N©A*3&» e>»^d c , . h > £ 

[0 07 2 ] 3) 0£i£N-rC*£A2>iW:. MVIZ 
«k(i ,h )mod (n+ 1 ) fCSEST &. *N£*r**«AiH 30 
ffi*** — ^2tl6 B 

[0 07 3] 4) 0^i^N-rCi*(i h - 2)modN-C£> 
SA^i (3iT-b:'2) «, #C<Z>A#(i + l) mod N (« 

j^-r^y-e*) ^a tt .. ,*Kat-r*. cu -2) 

modN©A*tt*^O h £cib ■i)..n.b 1 AXD 

-7 Hawass ess-t*. 

[0 07 4] 5) «H,»T. ^ax^-X-f ^101 
tt. o£l£N-n?*£A*ii. A2M<£>-**:*JttB (h 
mod(N+i))jfr6R#&*ftfcT K UX(DtB^J^<- h <t<D 40 
ffflfc * a 3**5/ a 

[0 07 5] 6) o£i£N-ir**SA*iCCOt» 
t, X^^a-^Sti/cjIKiAtHA+A-Oftaa (HO 
L) v b&AJ y**TtCttiL$tltczt*#isa 

[0 07 6 ] ^Jl/^^-^X h ■ Xfrt?*-'J>jf 

x h • *>r y h«J5Wi©+ n§H»JIH«:«iffl 
£*l£(FCFS: first come first served), 
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[0 07 7 ] 1) 0^i^N-rC&&A^MW\ 160 
i„,h,nBMi &Wcr±X<Dtitt&m&{-??>. H0L-7 

[0 0 7 8 ] 2) 0 kM . h , HBMj 

[0 0 7 9 ] 3) BMi 3&S^-C*tltf, HOL^Jl/?-*** 
[0 0 8 0 ] v?z}>ha-v<Dm&i 

(0) - (N- 1 ) «C-£*v?tt»l£LT, A#*^*- 
JUMo-IMn- . . ^-f^^-r>«9a«:lllfr-5R 
R7-e$3>hP-7ARBc -ARB N - , , 

RRT-tT^n> h D-7ARB0 -ARB N - , tt % 

SBEA*^-h***5«F«©HJ*#- h^-sr-^ h 

CC % ^^XXhRQ^iI^^n/cRR7-t^ 

[0 08 2] RR7-t^3>hP-7ARB(l A^J 
Ofcffi«';*XXhRQCCj££t/T, ^JffipT^tti^tf$B 

lo^jg^U i§!R^n/ctii^i7f<- h GR 
*MilWt6tifcA* j ei?*-Ji'^R-r, ±mis1t>*<t 

htcfcl^r^, RR7-t^3>ha-7ARB*'f5]D 

[0 08 3] SA*^a-JUMtt, M«C. *3^<D^ 

>y) KflEftOfc^^v h*Mffl©ai«AU*+*-<t 
S/c. RR7-t^3>hP-7ARB 

h^x^r^^-'jvy^n/c^-YAxn ^ hector 

[0084] RR7-^3>hD-7ARB(t 
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> &w?mwmn*'&m' z> r rt-^3>fo-7 

ARBKjIfcrrs. JcDjEWcw:* €-©OT8PtWftCcj:o 

*mRxzz>cttt£Z> 0 

[0 08 5] ^ * £V 3 ft/cX^ 
^37 1 0 1 ZmLXttifi^is^-foQCMO^mZtl 
[0086]^^ #*g§<S!«M**3ett. ±§Bse»a 

[0 08 7] 

RRGStl^gK©1WI$Cccimplexitv)*W'rSft© 

-;i/*^7-r socc^KftieraK: J: -o Titans. 

CCt?tt 4 HOL (Head Of Line) , I-TDMA (Inter! ea 
ved TCMfc), SLIP (Iterative round- robin matching wi 
th slip). RGS (Random greedy scheduling). MRR 

[0 08 8] HOL7*ah3W, A***.-*JBOfc 
y&<D1tib<1>9Lt>tBi&tj;-7a b^)\'X$>Z> (M. Kar 
ol et al . , "Input vs. output queuing on a space-d 
i vision packet switch," IEEE Transactions on Comm 
uni cations, vol. CCM-35, no,12 ( Dec. 1987, pp. 134 30 
7-1356) . &A*tt»tt&ttW7'^HOL^'>*:3r bOiUft^ 

■CA*©lo(c*tLTaHa«F^J€:^-6 0 *X<D$ 4 

[0 08 9] ^>*-U^^n3MACI-TCMi0K:*JCi"C«» 
m^j ttA*J fcBSffc $ n/c2f&K <£ D « 0 S T 6 ft -5 

(K. Bogineni et al . , "Low-complexity multiple ac 
cess protocols for wavelength-division multiplexed 

photonic networks," IEEE Journal on Selected Are 40 
as in Communications, vol .11, no. 4, May 1993, pp.5 
90-604) . B^a^U-Afc^fllSn. ^©^U-A(D 

&Z4M>XUy ttcto^xmmx&i?*-)i>&Mi>^x 

[0 09 0] SLIP7'P N. McKeown et a 

1. "Scheduling cells in an input-gueued switch," 

Electronic Letters, vol.29, no. 25, Dec. 1993, pp. 
2174-2175CC«*3ftTO&. &At>te. SkUf^^ 50 
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r^S«»pJ*^A-5. ffl»©flF^J«rSWfcA*«, 7-5 

istesft*. 

[0 09 1] RGS7'P^jm ^> Fntr>j»JR 

"COS ( D. Guo et al. f "Scalable high-speed proto 
colsfor WDM optical star networks," IEEE INFOCO 
■wf 94) o n> hn-^«5>^Atc— &©A#£iItR 
U e> ?:J;l:l$ I fcUB^ i 7 > ^ AtcihW 
Wacctcii. RGSttl *-f hfrcft* 

[0 09 2] 0 5«. RRGS, RGS, HOL, SLIR&0*I-TDM\ 

w*** r a&£*ft^ftjn-r^7ras. 3i§&# 
ttffli^s au-^a>«s*i«J:<— aureus. 

[ 0 0 9 3 ] Bl 6 ( A ) VtXf ( B ) tt, RRGS, RGS, SLI 

#?yx$>Z> 0 7v v rSftfcffliRtti'5 ->3> 
jbwcs^k. ^^©fiwecsto-c* RRcsiisupS: 

[0 094] ^7 (AM*. RRGS, RGS, SLIP&c>'l-*TOM 

hiisi^-e-n^n^-r^^-c^o, ^7 <b> ib] 

>rv Ymm*^ti?t\7f&>f?7X$>*). ^8 (A) 
tt. EI*frTraftSAa*+*-©^b-^G3r<3[> 
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